Summary. The fall in pituitary GnRH receptors in female mice after ovariectomy (Ovx) 
Introduction
Gonadectomy in rats is invariably associated with a 2-3-fold rise in gonadotrophin-releasing hormone receptors coincident with the rise in serum gonadotrophins (Frager, Pieper, Tonetta, Duncan & Marshall, 1981 ; Clayton & Catt, 1981a; Conne, Scaglioni, Lang, Sizonenko & Aubert, 1982) . These responses can be prevented by immunoneutralization with a specific GnRH antiserum (Frager et ai, 1981;  Clayton, Popkin & Fraser, 1982) suggesting that increased endogenous GnRH is essential for the post-gonadectomy rise in pituitary GnRH receptors and serum gonadotrophins. Studies of ewes (Fraser & McNeilly, 1982) and castrated rats (Kawakami & Higuchi, 1979) have shown that passive immunoneutralization of endogenous GnRH results in a rapid and sustained decrease of the high serum LH and FSH concentrations. Moreover, immunoneutralization of GnRH prevents the preovulatory surge of LH in rats (Arimura, Debeljuk & Schally, 1974) and sheep (Fraser & McNeilly, 1982) . We have demonstrated a GnRH-receptor response to gonadectomy in mice that is opposite that found in rats, although the serum gonadotrophin (Naik, Young, Charlton & Clayton, 1984a) responses are the same. There is therefore no positive correlation between pituitary content of GnRH receptors and serum gonadotrophin secretion after gonadectomy of mice.
Pituitary GnRH receptors can be induced in rats by intermittent administration or continuous infusion of low doses of GnRH or an agonist analogue (Clayton, 1982) , and GnRH rapidly increases GnRH receptors in the pituitaries of mice with an inherited absence of hypothalamic GnRH (hpg) (Young, Speight, Charlton & Clayton, 1983) . Homologous up-regulation of GnRH receptors also occurs in cultured rat pituitary cells (Loumaye & Catt, 1982; Conn, Rogers & Seay, 1984;  Young, . Thus, GnRH positively regulates its own pituitary receptors, and pituitary exposure to GnRH seems to be essential for the maintenance of a normal receptor number. The present study was therefore designed to analyse the importance of endogenous GnRH in the fall of GnRH receptors after ovariectomy of mice. We reasoned that, if excessive endogenous GnRH secretion after ovariectomy was responsible for the receptor fall, then this should be prevented by specific immunoneutralization of endogenous GnRH The details of the methodology were as described previously (Naik et ai, 1984a (Naik et ai, 1984b) , ovariectomy resulted in a 40% decrease in GnRH receptors (Group 4 vs Group 1) (P < 0001).
Treatment of ovariectomized normal female mice with 50 µ GnRH antiserum further decreased GnRH receptors by 50% (Group 4 vs Group 5, < 0-001), and the post-ovariectomy rise in serum gonadotrophins was prevented (P < 0-001).
Treatment of ovariectomized female mice with decreasing amounts of GnRH antiserum caused a dose-dependent increase of the receptor levels, from 14-28 ± 1-6 (50 µ ) to 26-1 ± 2-7 (2 µ ) fmol/pituitary. The lowest dose (2 µ (Young et ai, 1983) , and the frequency of injections was on the basis that 3-4 injections of GnRH/day increase GnRH receptors in rats (Marshall et ai, 1983) . Groups of intact normal and 7-day ovariectomized females were injected with vehicle (PBS + 0-1% BSA) and served as controls. The injections were given every 4 h during the day, the last injection being at 23:00 h, and the next one at 07:00 h. The treatment was continued for 4 days, and the animals were killed 8 h after the last injection. ND = undetectable (<20 ng LH/ml serum).
As shown in Table 2 , GnRH antiserum or steroid treatment of intact female mice significantly (P < 0001) reduced serum LH and FSH values to just detectable levels, whereas in the previous study (Table 1) (Clayton et ai, 1982) .
The observation that the GnRH antiserum further reduced GnRH receptors in ovariectomized mice probably indicates that endogenous GnRH, acting directly on the gonadotroph, is required even to maintain the reduced number of GnRH receptors. This conclusion also applies to male mice, based on a similar reduction in receptors after castration and GnRH antiserum treatment.
GnRH receptor levels in ovariectomized and antiserum-treated mice were very similar to those of untreated hpg female mice (Naik et ai, 1985) , indicating that the antiserum treatment had induced GnRH deficiency in the normal ovariectomized females. Further evidence for a role of GnRH in receptor maintenance in mice is provided from the studies of intact male and female animals in which GnRH antiserum reduced the receptor complement, as is the case with intact rats so treated (Frager et ai, 1981 ; Clayton et al., 1982) . In addition, GnRH treatment of hpg male (Young et al., 1983; Detta, Naik, Charlton, Young & Clayton, 1984) and female (Naik et ai, 1985) mice indicates that homologous ligand up-regulation of its own receptors clearly occurs in mice, as in rats. The fact that this up-regulation occurs to the same extent in gonadectomized hpg animals indicates that it is the result of GnRH acting directly on the gonadotroph, rather than being secondary to GnRH stimulation of gonadal steroids which can also up-regulate GnRH receptors at least in mice (Naik et ai, 1985) .
The hypothesis of homologous ligand GnRH-receptor autoregulation was based entirely on studies in rats (Clayton & Catt, 1981b; Marshall et ai, 1983, for (Young et ai, 1983) (Loumaye & Forni, 1982) may also be involved.
We have previously reported (Naik et ai, 1984b) (Naik et ai, 1984a, b) . The present study with mice also highlights the discrepancy between changes in GnRH receptor and serum LH levels. LH densensitization occurred in intact and ovariectomized mice treated with GnRH when GnRH receptors either increased or remained unchanged, respectively. However, serum FSH values did not change, indicating the relative resistance of FSH to desensitization, at least in these experiments. In addition, oestrogen and progesterone treatment of ovariectomized mice suppressed both high serum LH and FSH levels while increasing GnRH receptors. Therefore, the regulation of gonadotrophin secretion both by GnRH and ovarian steroids in mice is largely independent of GnRH receptor changes and presumably occurs at post-receptor sites. This conclusion was also reached from earlier studies of rats in vivo (Clayton, 1982) . Pituitary desensitization by GnRH in vitro also occurs at post-receptor sites (Smith, Perrin & Vale, 1983 ; L. S. Young & R. N. Clayton, unpublished data), being largely independent of GnRH receptor down-regulation. Moreover, the LH desensitization by GnRH could not be accounted for by reduced pituitary LH synthesis in vitro (Smith et ai, 1983) (Naik et ai, 1984b) . Nevertheless, it is apparent that gonadotrophin biosynthesis, at least in the short term, proceeds despite marked reduction in GnRH receptors and GnRH stimulation of the pituitary. The increased pituitary LH content after ovariectomy was prevented by gonadal steroid treatment both in the presence and absence of concurrent GnRH immunoneutralization. Therefore, at least a component of the negative feedback action of oestradiol and progesterone on gonadotrophin synthesis is exerted at the pituitary level.
In summary, the GnRH receptor fall after ovariectomy of mice is not a consequence of altered endogenous GnRH secretion, but results primarily from removal of the receptor-maintaining action of oestradiol and progesterone. Nevertheless, a minor component of homologous ligand receptor regulation is evident after ovariectomy of normal female mice, although in these animals the gonads are essential for receptor up-regulation by exogenous GnRH. A marked discrepancy between hormonal regulation of GnRH receptors and gonadotrophin secretion indicates the complexity of the inter-relationship between these events.
